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FOUNDATION  CAISSONS  FOR  THE  GROWER  BUILDING  OF  CHICAGO 


INTRODUCTION. 

The  securing  of  proper  foundations  for  tall  "bulj^dings 
in  the  business  district  of  Chicago  ha 3  long  been  a  serious  prob- 
lem. In  Chicago  the  strata  arc  as  follows:  from  0  to  -20  ft.  a 
loosley  compacted  mixture  of  sand  and  clay;  from  -20  to  -75  ft. 
practically  a  continuous  layer  of  stiff  clay  with  an  occasional 
streak  of  sand;  from  -75  to  -95  ft.  hard-pan  with  frequent  sand 
streaks;  and  from  -95  to  -106  ft.  bed  rock. 

Until  the  past  fow  years  two  methods  of  sinking  found- 
ations have  been  in  vogue.  One  of  these  was  to  drive  piles  at 
close  intervals  all  over  the  foundation  area, and  cut  them  off  be- 
low the  low-water  line.  The  other  method, known  as  the  spread 
foundation, consisted  of  a  column  supported  on  a  grillage  of  con- 
crete and  steel  beams  spread  out  over  an  area  many  -times  greater 
than  that  of  the  column.  Neither  of  these  two  methods  was  uniform- 
ly successful  for  heavy  buildings,  A  third  method  has  been  introd- 
uced comparatively  recently  which  seems  to  have  solved  the  prob- 
lem. In  this  method  a  circular  hole  4  ft.  to  12  ft.  in  diameter 
is  excavated  to  hard-pan  or  bed  rock;  then  the  hole  is  filled  with 
concrete, and  the  column  is  placed  directly  upon  it.  This  is  called 
the  caisson  method.  This  paper  proposes  to  describe  a  caisson 
foundation  in  v/hich  the  caissons  wgto  sunk  in  some  cases  to  hard- 
pan  and  in  others  to  bed  rock. 

Tho  caissons  were  built  for  the  foundation  of  the  Grower 
Building, located  at  the  south-east  corner  of  Madison  Street  and 
the  Chicago  River, Chicago .  The  work  was  carried  on  by  the  contract 


ing  firm  of  Roeraheld  and  Gallery.  A  large  city  water  tunnel  ran 
under  the  site  of  the  building;  and  on  account  of  this, the  direct- 
ion of  the  work  was  under  the  general  supervision  of  the  City  En- 
gineer, although  the  building  v/as  not  to  bo  used  for  public  pur- 
poses. 

Fig.   l>page  3,shovrs  the  positions  of  t  9  caissons ,vfhich 
varied  in  diameter  from  4  f t .  6  inches  to  6  ft.  9  inches , depending 
upon  the  location, depth, and  load  to  be  carried. 

SURVEYING  OPERATIONS. 

The  work  of  locating  the  centers  of  the  caissons  was  car 
ried  on  with  no  little  difficulty.  The  principal  trouble  was  to 
secure  permanent  and  intervisible  instrument  points.  It  was  imprac 
ticable  to  establish  points  along  the  street  in  front  of  the  prop- 
erty from  which  to  shoot  in  the  center  lines  of  the  caissons  for. 
three  reasons.  First,  Madison  Street  at  this  point  is  on  a  steep 
approach  to  the  bridge, and  is  12  to  15  ft.  above  the  ground  line, 
thereby  making  accurate  mesurements  difficult.  Second, the  caissons 
were  not  arranged  in  regular  rows.  Third, a  high  bill-board  fence 
was  located  along  the  building  line  in  front  of  the  site.  See  Fig. 
2, page  t.  It  was  useless  to  try  to  maintain  permanent  points  on 
the  site  proper  becauoe  they  would  be  knocked  out  of  line  by  dirt 
wagons, or  be  covered  with  debris. 

In  view  of  these  facts  it  xvas  necessary  to  establish 
permanent  instrLuaent  points  off  the  promises.  Accordingly  a  base 
line  was  run  along  Llarket  Street, and  another  along  Madison  Street 
all  other  points  and  lines  were  tied  into  these  lines.  From  the 
base  line  A-B,  Fig.  S,the  lino  B-C  was  run, and  then  the  line  C-D 
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was  established.  Next  points  1,S,3,4,5,6  wore  located  on  the  line'  i 
C-D.  With  these  points  located,  lines  l-l,S-2,3-3,  etc., were  run. 
Points  1  ,2  ,3  ,  now  became  permanent  instriment  stations, and  from 
them  the  lines  1-1' , 2-8* , 3-3' ,  were  produced  to  the  adjoining 
building, and  were  marked  on  the  wall.  With  those  lines  and  points 
located,  the  v^rork  of  fixing  the  center  of  the  caissons  should  have 
been  an  easy  matter.  However, the  ground  space  was  so  small  that 
every  time  a  line  was  to  bo  run  in, a  pile  of  lumber  or  something 
of  that  sort  had  to  be  moved.  The  surveying  operations  were  there- 
fore decidedly  expensive. 


□ 

M^r/yOD  OF  Z  OC^r/A/Cy    T/-/£  C£A/TF/9  OF /}  C/J/^^O/V. 


DESCRIPTION  OP  A  CAISSON. 
A  caisson  is  a  deep  cylinder  built  in  place  varying  us- 
ually from  75  to  105  ft.  in  depth, and  from  4  to  12  ft.  in  diameter, 
made  of  wooden  staves , called  lagging, and  iron  rings  upon  the  in- 
side to  preserve  its  form.  The  lagging  consists  of  two-inch  match- 
ed hard-pine  plank  in  six-foot  sections.  Each  section  is  braced 
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•with  tvro  3"  x  3/4"  iron  rings  in  a  manner  ahown  in  Fig.  4, page  6  . 

ji 

The  tT-ro  halves  of  the  ring  are  plaood  in  position  on  the  inside  of 
the  lagging  and  then  fastened  together  by  bolts  through  the  flanges 
The  rings  are  usually  placed  about  six  inches  from  the  top  and  bot- 
tom ends  of  the  lagging  respectively. 

i! 
f 

To  sink  the  caisson  a  hole  is  excavated  by  means  of  pick  1' 
and  spade, and  the  material  thus  loosened  is  hauled  to  the  top  in  ! 
buckets.  This  hole  is  lined  with  wooden  staves  put  in  in  uniform 
lengths  as  the  excavation  progresses, and  these  staves  in  turn  are 
braced  on  the  inside  by  iron  rings  or  hoops, also  inserted  as  the 
work  progresses.  'Then  the  excavation  is  entirely  completed  the  in- 
terior of  the  caisson  is  filled  v/-ith  concrete,  the  lagging  and  ringS; 
being  removed  as  the  filling  progresses.  1 
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In  tho  Grower  Buildin/^  the  dimensions  and  form  of  the 
caissons  varied  according  to  the  conditions  mot  with.  Most  of  the 
caissons  along  tho  lines  of  the  adjoining  lots  wore  of  the  same 
diameter  from  top  to  "bottom, and  went  to  bed  rock;  while  the  remain- 
der were  belled  out  and  went  only  to  hard-pan.  The  dotted  lines 
around  the  caissons  Fig.l  page  3, represent  the  outer  extremities 
of  tho  bell.     Pig. 5  page  7, shows  tho  form  of  bell  employed.  The 
belling  out  began  at  the  top  of  the  strata  of  hard-pan  on  which 
the  caisson  was  to  rest.  A  condition  imposed  upon  tho  contractor 

i 

was  as  follovm;   "There  shall  be  at  least  7  f t .  of  hard-pan  under 
the  caisson  v/hen  the  oxcavation  is  completed.  In  case  this  re- 
quirement can  not  be  satisfied, the  excavation  shall  be  continued 
until  bed  rock  is  reached."  Owing  to  this  requirement  it  vms  nec-  ' 
essary  to  make  borings  in  each  caisson  as  soon  as  hard-pan  v/as 
reached; and  several  of  the  caissons-  that  were  designed  to  go  only 
to  hard-pan  went  finally  to  bed  rock. 


FORM  or  BELL  EMRLOYED 
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In  all  there  vtotg  forty-three  oaissona  each  being  desig- 
nated, by  a  number,  see  Fig,   l,page  3.   It  v/ill  be  noticed  that  the 
numbers  in  Fig.   1  run  higher  than  forty-three ,v;-hi,ch  vras  duo  to  the  |j 
fact  that  the  form  of  some  of  the  caissons  was  changed  before  being 
sunk, and  the  latter  form  was  given  a  new  number  to  prevent  con- 
fusion, 

SXCAVATIOIT  IN  THF  CAISSON.  |j 
After  the  engineer  had  fixed  the  center  of  the  caisson 
the  v:ork  of  sinking  progressed  as  follows:   A  square  hole  whose 
side  was  about  two  foet  larger  than  the  diameter  of  the  caisson, 
was  excavated  to  a  depth  of  six  feet.  A  ring  was  then  placed  upon 
the  bottom  of  the  pit, and  three  or  four  staves  were  set  upon  end 
against  the  outside  of  the  ring, and  clay  was  dumped  betv^eon  the  j 
undisturbed  earth  and  the  lagging  to  hold  it  in  place ;and  then  more 
staves  were  added  until  the  circle  v/as  complete.  Care  was  taken  to 
set  the  staves  to  a  true  circle  and  to  the  proper  center.  The  clay  |; 
on  the  outside  and  the  ring  on  the  inside  held  the  lagging  very 
nearly  in  the  form  of  a  vertical  cylinder.  After  the  circle  was 
coraploted  the  upper  ring  was  put  in  place  and  held  there  by  a  few 
nails  driven  below  it  into  the  lagging, and  then  the  clay  v;as  filledj 
in  between  the  lagging  and  the  side  of  the  hole. 

Next  the  excavation  was  continued  until  another  lengthx 
of  lagging  could  be  inserted.  The  second  and  subsequent  lengths  of 
lagging  were  kept  to  proper  line  and  curve  by  forcing  clay  behind  ' 

them.  In  this  way  the  excavation  and  caisson  building  is  continued  i 

ii 

until  hard-pan  or  bed  rock  is  reached.  i 

The  spade  and  the  fork  were  usually  the  tools  employed 
by  the  digger  to  loosen  and  to  handle  the  material.  Hov/ever,  when  ^ 


9 

working  in  hard-pan  a  pick,knovm  as  a  grub, and  a  crow-bar  became 
Ills  principal  assets.  The  excavation  was  carried  on  continuously, 
day  and  night,  the  only  stop  occurring^vhen  the  lagging  was  being 
set . 

For  each  caisson  there  was  a  crow  of  four  men:-  one  dig- 
der,two  windlass  men, and  one  helper.  The  digger  attended  to  all 
digging, trimming, etc ., and  helped  to  set  the  lagging.  The  windlass 
men  hauled  the  material  to  the  top;aiid  the  helper  v/heeled  it  to 
the  wagons,  l^'hile  four  men  could  take  care  of  an  ordinary  caisson, 
it  was  often  economical  to  put  on  an  extra  windlass  man.  One  lag-  |; 
gor  was  employed  to  look  after  the  lagging  and  rings  for  each  shifi^i, 
when  the  excavation  v;as  straight  v/"ork. 

Fig. 6  shows  the  method  of  supporting  the  windlass  used 
in  hoisting  the  clay  out  of  the  caissons. 
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The  preceding  diaoussion  is  probably  sufficient  for  all 
the  caissons  except  those  near  the  river, or  those  near  the  water 
tunnel.  In  these  the  difficulties  encountered  warrant  a  special 
description . 

RIVER  CAISSONS. 

The  caissons  along  the  river,  Nos.  7,8,9,10,11,12  and  13, 
Fig.l  page  3, wore  difficult  to  sink  for  two  reasons,  namely:  1, 
it  was  difficult  to  keep  out  the  water;  and  2, the  soil  contained 
rubbish  of  all  character.  These  difficulties  could  have  been  over- 
come most  economically  and  efficiently  by  constructing  a  v/ater- 
tight  dam  along  the  vrater  front  of  the  site;but  the  contractor  savf 
fit  to  rely  upon  some  poorly  driven  sheeting  already  in  place  to 
keep  out  the  water. 

Caisson  No.  7  is  situated  at  one  corner  of  the  site  next 
to  the  river, as  shovm  in  Fig. 6  pagelO .  The  old  sheeting  was  found 
to  be  insufficient  to  keep  out  the  vrater,  and  hence  it  v:as  decided 
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to  drive  by  hand  six-inch  matched  sheeting  in  10  foot  lengths, 
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about  18  inches  inside  of  the  old  sheeting, and  to  puddle  between 
the  tv/o.  This  v/ould  keep  out  the  water  only  temporarily , as  the  cur- 
rent striking  at  A,  Fig.  7,pagel0 ,v/ould  seep  through  the  leaky 
sheeting  and  soon  xvash  the  puddle  avmy .  Three  rows  of  hand-driven 
sheeting  were  put  in  before  digging  could  be  carried  on  contin- 
uously. When  the  excavation  had  reached  a  depth  of  30  ft.  and  was 
progressing  satisfactorily, an  accident  interrupted the  xvork.  A  boat 
struck  the  sheeting  at  A,  knocking  the  caisson  off  its  center  and 
causing        a  leak  ,  and  rendered  all  of  the  vior'k  done  in  sinking 
practically  useless. 

A  pile-driver  was  next  brought  into  service.  Several 
pieces    of  sheeting  v/ere  driven  along  the    north  line  at  A, and  the 
old  puddle  was  removed;  and  a  new  one  consisting  of  clay  intermix- 
ed with  manure  v/as  put  in, which  stopped  the  leak.  The  v;ater  vras 
then  pumped  out, and  the  excavation  resuiaed.  Each  section  of  lag- 
ging set  before  the  accident  had  to  be  realigned, the  lowest  sect- 
ion being  centered  first  and  the  successive  sections  above  placed 
in  line  with  it. 

Caisson  No.  B,Fig.  l,page  3, was  also  sunk  with  consider- 
able difficulty.  Inside  of  the  old  sheeting  three  rovia  of  hand- 
driven  sheeting  were  driven.  Next  puddle  was  filled  in  between 
the  lagging  and  the  sheeting, and  also  between  the  latter  and  tho 
old  sheeting  -see   Fig.  8, page  12.  Tho  work  of  excavation  in  this 
caisson  was  carri.od  on  intermittently , because  of  the  fact  that  the 
puddle  avails  had  frequently  to  be  renewed.  However, no  other  dif 
ficulties  were  encountered. 


Caisson  No. 9  was  the  noxt  attacked.  By  this  time  the 
contractor  was  thoroughly  convinced  that  it  was  very  expensive  as 
well  as  very  unsatisfactory  to  use  hand-driven  f^ooden  sheeting  for 
the  caissons  along  the  river  front.  Accordingly  he  decided  to  ex- 
periment with  power-driven  steel  sheeting.  Fig.  9,pagel2,  shows 
the  type  of  steel  sheeting  used, and  the  position  in  which  it  was 
driven.  The  sheeting  v^as  made  up  of  12-inch  I  beams  and  12-inch 
channels, 20  ft.  long.     The  channels  wore  bolted  together  with  the 
legs  facing  each  other, enough  space  being  left  between  the  legs 
to  admit  the  web  of  the  I  beams.  To  turn  corners  the  flange  of  one  ' 
I  beam  v;as  riveted  to  the  v/eb  of  another.  After  the  sheeting  v/as 
driven  the  space  between  the  channels  was' filled  with  puddle.  \ 
Small  portions  being  put  in  at  a  time  and  then  rammed  home  with  a 
long  rod.  Puddle  was  also  added  on  either  aide    of  the  steel  sheet-| 
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ing .  Apparently  the  problem  of  keeping  out  the  vmter  had  been 
solved, and  the  excavation  was  commenced.  However  at  a  depth  of 
about  15  ft.  it  was  found  that  the  steel  sheeting  intersected  the 
plane  of  the  caisson.  One  piece  had  struck  an  old  foundation  pile 
and  v/as  deflected  out  of  line.  Obviously, it  was  useless  to  contin- 
ue excavation.  The  steel  sheeting  was  then  pulled; and  it  was  at 
this  point  that  the  contractor  decided  to  have  the  river  front 
dredged  'out  and  a  substantial  dam  constructed, see  Fir^.  10,pagel4. 
The  dam  was  composed  of  VJakefield  sheeting  30  ft,  long. 

In  this  type  of  sheeting  three  plamks  are  bolted  togeth- 
er the  flat  faces  being  placed  against  each  other, the  middle  plank 
being  placed  so  as  to  form  a  grove  on  one  side  and  a  tongue  on 
the  other.  This  dam  was  very  effective  in  keeping  out  the  water. 
Caissons  Nos .  9,10,11  and  12.  were  then  sunk  with  no  further  dif- 
ficulty . 
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Caisson  No.   13. At  A, Fig.   10,pagel4, at  the  south-west 
corner  of  the  site, was  the  remains  of  an  old  shipping  platform, 
and  about  5  ft,  from  the  building  was  a  line  of  single  leaky  sheet- 
ing; and  hence  the  space  between  the  building  and  the  sheeting  v/as 
filled  v/ith  water.  It  was  impossible  for  the  pile-driver  to  drive 
a  return  line  of  sheeting  at  A  at  right  angles  to  the  dam;  and 
therefore  the  space  between  the  sheeting  and  the  wall  v/as  complete- 
ly filled  with  puddle  for  a  length  of  15  ft.     No.  13  the  last  of 
the  river  caissons, was  then  sunk  without  difficulty. 
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TUNNEL  CAISSONS. 
Caissons  1,44,40,35,31,15,16,30,34  and  22  can  pr  perly 
be  grouped  under  the  head  of  tunnel  caissons.  In  the  original 
specifications  the  contractor  was  given  the  choice  of  two  methods 
in  sinking  these  cai ssons, namely ;   1,  the  use  of  air  pressure;  or 
2,  the  use  of  inter-^locking  steel  sheet-piling.  The  fact  that  the 
location  of  the  tunnel  was  known  only  approximately  was  sufficient 
reason  for  not  even  attempting  to  use  steel  sheet-piling, and  so 

;l 

the  first  of  the  caissons  was  sunk  urder  air  pressure. 

Caisson  No.  22,  see  Fig.  1 ,page  3 ,waG  the  first  tunnel 
caisson  sunk.  The  excavation  was  carried  on  in  the  usual  manner  to  :! 
a  depth  of  about  45  ft.  At  this  point  work  had  to  be  stopped  be- 
cause of  the  inrush  of  a  large  volume  of  water  that  filled  the 
caisson  to  a  depth  of  20  ft.  Pumps  were  then  brought  into  service, 
and  the  v/ater  was  pumped  out.  An  air  lock  (see  Fig.  12,pagel6  )  vms 
now  lowered  into  the  caisson, set  in  place, and  connected  with  a  com- 
pressor. A  pressure  of  20  lbs,  per  square  inch  v;ae  required  to 
keep  out  the  water, and  as  soon  as  this  pressure  was  attained  dig- 
ging was  commenced. 

The  material  excavated  in  the  caisson  v/as  hauled  to  the 
top  through  the  locks  by  means  of  tv;o  sepere  t  ^  windlasses  placed 
at  the  surface.  The  process  was  as  follows:    Tlie  bucket  was  filled 
with  "excavation"  at  the  bottom  of  the  caisson, and  then  elevated 
to  the  inside  of  the  lock  (see  Fig.   12,pag3l6  )by  means  of  a  wire 
cable  which  passed  through  the  air  look  and  then  through  a  small 
aperture  in  the  top  of  the  lock.  The  air  was  prevented  from  escap- 
ing through  this  hole  by  means  of  a  tightly  packed  stuffing  box 
through  which  the  hoisting  cable  passed.  ^Then  the  bucket  had  been 
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raised  through  the  bottom  door  into  the  lock, this  door  was  prompt- 
ly closed  and  the  upper  one  opened.  The  bucket  was  noxv  hauled  to 
the  surface  by  means  of  the  usual  rope  hoist.  It  vfas  impossible  to 
carry  on  the  digging  continuously  on  account  of  tho  continual  pres- 
ence of  water  in  the  caisson.  At  least  twenty  five  per»cent  of  the 
digger's  time  was  spent  in  bailing  v/ater.  However, the  caisson  was 
sunk  finally  to  bed  rock. 

Caisson  No.  15  also  was  attacked  by  the  pneumatic  pro- 
cess. 'As  in  No.  22  tho  sinking  was  carried  on  in  the  manner  usual 
for  foundation  caissons  until  a  depth  of  about  40  ft.  was  reached, 
when  the  air  lock  was  inserted  and  digging  commenced  under  pres- 
sure. The  excavation  progressed  satisfactorily  to  50  ft., at  which 
point  the  diggers  v;ere  impeded  by  the  continual  seeping  in  of  the 
water.  However, the  excavation  was  continued  to  iiearly  60  ft.  when 
it  v/as  deemed  inadvisable  to  dig  deeper  on  accourit  of  the  large 
amount  of  v:ater  present.  Pending  an  investigation  all  work  on  this 
and  other  tunnel  caissons  was  suspended. 

After  a  careful  study  of  the  facts  and  conditions  in 
sinking  caisson  No.  22, and  15,  the  engineer  and  contractor  came 
to  tho  conclusion  that  it  v:as  impracticable  to  sink  tho  caissons 
along  the  tunnel  by  the  use  of  compressed  air.  Air  pressure  was 
successful  as  long  as  the  material  met  with  was  uniform  and  com- 
pact; but  the  streak  of  sand  running  through  the  soil  made  the  use 
of  the  air  process  impracticable  as  the  air  would  seep  out  through 
the  sand  so  rapidly  that  it  was  impossible  to  maintain  an;  -whore 
near  the  required  pressure.  The  two  alternate  plans  originally 
outlined  in  the  specifications  for  sinking  the  tunnel  caissons 
had  thus  proved  to  be  inadequate.  Accordingly  an  investigating 
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comnittoe  was  organized  to  deviso  a.  new  '-.cthod  of  attack  for  the 
tunnel  caissons.  This  committee  '.^ras  composed  of  the  city  engineer, 
the  architect ,  tvT-o  consulting  engineers , and  a  man  of  practical  ex- 
perience. The  plan  rocomended  by  them  v^as  as  follov/s:-  First,  in- 
crease the  number  of  diggers  fr-^m  one  to  two, and  the  number  of 
windlass  men  from  two  to  three.  Second, insert  at  a  depth  of  ten 
feet  above  the  timnel  a  metallic  cylindrical  shield  having  a  sharp 
cutting  edge  at  one  end  and  a  flat  bearing  ring  at  the  other.  The 
shield  v;as  to  be  jacked  against  the  lagging  above  and  into  the 
soil  belcv;  to  a  depth  of  six  inches, and  the  six  inches  then  excav- 
ated. This  process  to  be  carried  on  continuously  until  the  excav- 
ation was  safely  ten  feet  past  the  tunnel.  Third,  use  only  2  l/2 
foot  sections  of  lagging  braced  with  two  rings  to  each  section.  The 
committee  recomendod  furthermore  that  additional  borings  be  made 
to  determine  more  accurately  the  location  of  the  tunnel. 

The  plans  and  recommendations  of  the  investige^tors  were 
adopted.  As  a  result  of  the  borings  made  the  proposed  location  of 
several  of  the  caissons  adjacent  to  the  tujinel  was  changed.  Cais- 
sons 27,31,55, 40, 44, 1,34  and  30  were  sunk  successfully  by  the  plan 
outlined  above.  The  success  of  this  method  can  in  a  great  measure 
be  attributed  to  the  speed  v/ith  which  it  vfs.s  carried  out.  The  two 
diggers  were  able  to  carry  on  excavation  almost  twice  as  fast  as 
one  would  have  done.  The  three  windlass  men  hauled  up  the  material 
excavated  without  holding  back  the  diggers.  But  to  the  lagger  be- 
longs most  of  the  credit  for  the  success  of  the  plan.  Getting  the 
lagging  was  usually  a  very  slovr  operation;  but  the  lagging  for  the 
tunnel  caissons  was  set  in  half  the  usual  time.  The  lagger  always 
had  the  required  number  of  pieces  of  lagging  sawed  to  the  proper 


length  ready  for  insertion, and  the  rings  picket  out;  and  thus  as 
soon  as  the  diggers  had  excavated  one  length  of  lagging  no  time 
was  Ipst  in  putting  it  into  place. 

Fig.M,  page  20,ahows  the  type  of  shield  used.  It  was 
made  in  throe  sections, as  shown  in  Fig.     The  construction  of  the 
shield  v/as  open  to  criticism  since  rivets  were  not  counter-sunk  on 
the  outside, thereby  making  it  very  difficult  to  jack  the  shield 
in  place. 
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Caisson  No.  44  deserves  special  treatment  on  account  of 
the  peculiar  conditions  encountered.  Origionally  this  caisson  was 
designed  to  be  a  pneumatic  one;  but  the  excavation  for  it  had  been 
carried  on  to  a  depth  of  about  40  ft.  when  work  v^as  suspended  by 
the  engineer  on  account  of  the  investigation  ordered  as  to  the 
best  method    to  be  pursued  in  sinking  the  caissons  near  the  tun- 
nel. As  a  result  of  this  investigation  the  location  of  this  cais- 
son was  moved  a  slight  distance  away  from  the  tunnel.  The  plane 
of  the  new  oa.isson  intersected  that  of  the  old  caisson  as  shomi 
in  Fig . ISpage 19 .When  the  location    of  the  caisson    vras  changed, it 
was  intended  to  excavate  a  rectangular  shaft  inclosing  both  the 
old  and  the  nev.--  locations;  but  at  a  depth  of  about  25  ft.  the  tim- 
bering grew  to  such  large  proportions  that  another  expedient  was 
resorted  to.  The  part    a-b  of  the  lagging  for  the  new  location  v;as 
inserted  in  the  old  caisson  at  the  bottom  for  a  5-foot  length  of 
lagging, and  part  A  was  filled  with  concrete  balanced  by  sand  fill- 
ing in  part  B.  This  process  was  continued  upward  to  the  surface  of 
the  ground.  When  the  concrete  had  sot  the  lagging  a,d,b  was  re- 
moved and  a,c,b  was  joined  to  a,b  thus  completing  the  circle.  The 
excavation  for  the  newly  located  caisson  was  then  carried  down  in 
the  usual  manner. 

CONCRETE . 

The  concrete  used  in  filling  the  caissons  was  composed 
of  one  part  of  cement, three  parts  of  sand, and  four  parts  of  stone. 
It  was  mixed  by  hand  in  batches  of  1  l/8  yards  on  platforms.  The 
sand  and  cement  were  throughly  rrdxed  dry;and  then  the  stone  and 
water  was  added, and  the  v/hole' mass  turned  over  three  times.  Next 
it  was  deposited  in  the  caisson, one  set  of  lagging  having  been 
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removed.  XJhen  it  is  roinerabered.  that  the  concrete  hc.d  to  be  lowered 
in  some  cases  to  a  depth  of  over  100  ft., it  is  apparent  that  some  > 
good  method  must  be  employed  to  put  it  into  place.  The  u.mal  raeth- 
od  in  foujidations  of  this  kind  in  Chicar;o  has  been  to  provide  a 
chute  through  which  the  concrete  is  thrown  there  being  two  men  in 
the  caisson  to  distribute  and  tamp  it  as  it  comes  out  of  the  chute* 
For  this  building  the  architect  devised  a  much  simpler  method.  In 
mixing  the  concrete  it  was  shovelled  to  the  brink  of  the  caisson, 
where  two  men  dropped  it  a  shovel  full  at  a  time  into  the  caisson. 
By  a  peculiar  jerk  the  concrete  was  made  to  leave  the  shovel  in  a 
ooDipact  mass  and  remain  in  that  form  till  it  struck  the  bottom. 
The  long  drop  tamped  the  concrete  suf f iciently , and  the  only  labor 
required  of  the  men  when  they  went  dovm  in  the  hole  to  remove  the 
lagging  and  rings  was  to  level  off  the  concrete  slightly.  This 
method  was  open  to  criticism  in  that  the  concrete  that  had  taken 
an  initial  set  was  subjected  to  the  repeated  blov/s  of  the  masses 
of  falling  concrete.  For  ordinary  caissons  only  one  mixing  plat- 
form was  usedjbut  for  the  caissons  along  the  tunnel  tvfo  platforms 
were  provided  and  seperate  gangs  worked  on  each.  The  tv/o  gangs 
were  able  to  expedite  the  putting  of  the  concrete  in  place , thereby 
reducing  the  chance  of  the  tunnel's  bursting. 

HANDLING  OF  IIATERIALS. 
The  problem  of  handling  materials  of  construction  was 
difficult  since  the  site  covered  a  very  small  area, and  a  large 
supply  of  materials  had  to  be  kept  on  hand  continually.  This  made 
it  necessary  for  the  contractor  to  plan  in  advance  for  handling 
the  materials  at  certain  time.s.  At  the  start  a  desirable  location 
for  the  boiler, compressor, and  work  bench  was  picked  out, and  the 
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caissons  in  that  immediate  vicinity  wore  sunk  first.  I 

To  facilitate  the  handling  of  incoming  and  outgoing  mat- 
erial _  a  board  driveway  v/as  built  from  the  alley  leading  to  about 
the  center  of  the  site.  This  driveway  was  v;ide  enough  to  accomodate: 
two  wagons  side  by  side.  Ono  side  of  it  was  used  as  a  temrorary  j 
storeway  for  the  dirt  wagons .  The  material  excavated  in  the  var- 
ious caissons  was  wheeled  in  barrows  to  the  driveway  and  loaded 
into  vxagons .  Some'^times  the  wagons  were  hauled  away  as  soon  as 
they  were  filled^ but  more  often  they  were  moved  by  hand  into  the 
alley  v/here  they  remained  until  evening.  This  was  done  to  accom- 

■ 

odate  the  cartage  contractor  because  his  teams  could  make  many  ' 
more  trips  at  night  than  they  could  in  the  day  time. 

Comparatively   a  sm.all  amount  of  the  materials  used  wero  ' 
hauled  to  the  site  in  wagons.  Practically  all  of  the  stone  used 
in  the  concrete  was  delivered  on  scows  in  boxes  of  2  yards  each. 
These  boxes  were  taken  off  the  scovi  by  a  derrick  and  dumped  into 
the  stone  bin  at  the  south-west  corner  of  the  site.  The  derrick 
was  a  floating  one  owned  by  the  stone  compa.ny. 

The  problem  of  a  cement  and  sand  shed  was  solved  in  a 
very  simple  manner.  0x7ing  to  the  grade  to  the  Madison  Street  bridgd 
the  street  is  about  15  ft.  above  the  ground  level.  By  clearing  out 
the  space  underneath  the  side  walk, and  boarding  up  one  side, an  ex- 
cellent place  to  keep  the  oe-raent  and  sand  was  obtained.  Further- 
more, by  cutting  a  couple  of  holes  in  the  sidewalk, it  became  poss- 
ible to  have  the  sand  and  cement  delivered  on  Madison  Street  and 
thrown  through  the  holes  into  the  improvished  sheds.  |l 

The  lagging  was  usually  hauled  in  on  v/agons .  However, for 
a  short  time  during  the  teamsters  strike  the  lagging  was  delivered 
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on  scows.  Tho  lagging  was  piled  neatly  as  it  was  delivered.  The  1 
rings  used  to  brace  the  lagging  v^ere  also  carted  to  the  site  in 
wagons.  They  vrere  sorted  and  made  into  seperate  piles  depending 
upon  their  size,  ^ 

COST.  ' 

The  data  on  cost  were  secured  by  tho  writer  while  in  the 

il 

employment  of  the  contractor.  A  continuous  log  book  v/as  kept  (by 
the  writer  for  one  of  the  three  shifts)  showing  the  daily  pro- 
gress of  the  vfork  on  each  caisson, and  the  number  of  men  employed. 
The  writer  had  access  to  the  books  of  the  contractor  and  the  prices 
quoted  for  materials  and  labor  are  tho  ones  actually  paid. 

The  v/riter  will  now  take  up  several  typical  caissons  and 
discuss  their  cost  from  beginning  to  end, under  the  heads ;cost  of 
excavation, cost  of  concrete, and  cost  of  lagging  and  rings. 

COST  OF  EXCAVATION. 

Since  the  process  of  excavation  for  a  caisson  is  necess-  ; 
arily  accompanied  by  the  setting  of  lagging, and  furthermore  since 
the  lagging  is  set  practically  by  the  same  men  that  carry  on  the 
excavation, any  discussion  of  the  cost  of  excavation  must  necessar- 
ily  include     the  cost  of  setting  the  lagging. 

The  cost  of  sinking  the  caissons  varied  somewhat  with 
their  depth  and  position  and  will  bo  concidered  under  the  follow- 
ing heads  :-  1.  Ordinary  Caissons  to  hard-pan;  2.  Ordinary  Cais- 

I 

sons  to  bad  rock;  3.  Tunnel  Caissons  with  short  lagging;  4.  Tun-  I 
nel  Caissons  by  pneumatic  process;  5.  River  Caissons. 

1.  Ordinary  Caissons  to  Hard-Pan.  Caisson  No.  32,  was 
4  f t .  6  inches  in  diameter  and  was  simk  to  hard-pan  at  a  depth  of 
78.9.  The  details  of  the  cost  are  given  in  Table  l,page25 .  The 
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number  of  cubic  ya.rds  excavated  was  47.0  ;  and  consequently  the 
cost  per  cubic  yard  in  place  was  ^^253, 80       47.0  =$5.38. 
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The  cost  of  hauling  the  material  away  from  the  site  was 
.60  cento  per  cubic  yard, measured  in  the  vragon  box:  but  no  data  are 
known  giving  the  relation  between  measurement  in  place  and  in  the  | 
vmgon  box . 

Caissons  No.  29  and  40  were  of  the  ordinary  type, and  the 
details  of  the  cost  of  sinking  are  given  in  Tables  2  and  3  page 
26.  j 

2.  Ordinary  Caissons  to  Ee-l  Rock.  Three  caissons ,Nos .  19, 
16,  and  20, we re  sunk  to  bo  1  rock  by  the  usual  method. 

j! 

Caisson  No.  19  was  5  f t .  4  inches  in  diameter  and  was 
sunk  to  a  depth  of  99  ft.  8  inches.  Up  to  the  time  of  sinking  this 
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caisson  the  men  had  v.-'orked  in  three  eight-hour  shifts.  However  the 
plan  of  having  only  tv;o  shifts  of  twelve  hours  each  was  tried  in 
sinking  No.  19.  Boulders  were  encountered  in  sinking  this  caisson, 
which  increases  the  cost  somewhat;  but  this  phase  v/ill  he  concid- 
ered  latter. The  cost  of  sinking  19  is  given  in  Table  4  below. 

The  cost  of  sinking  Nos.l6  and  20,  are  given  in  "fables 
5  and  6 , page  28 . 

3.  Tunnel  Caissons  with  Short  Lagging,  Caisson  No. 35  was 
sunk  by  the  shield  and  short-lagging    process ;and  the  cost  is 
shown  in  Table  7, page  29. 
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Caisson  No.  31  was  sunk  by  the  ordinary  process  until 
the  bottom  of  the  caisson  v/as-  about  10  ft.  above  the  top  of  the 
tunnel, when  the  short-lagging  process  without  the  shield  vras  in- 
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trcduced;  the  cost  of  this  caisson  is  givoPx  in  Table  n.,  page  ?.9 . 

4.  Tunnel  Caissons  by  Pneumatic  process.  Caisson  No.  22  j; 
v.'-as  sunk  by  the  pneumatic  process  already  described.  Its  cost  is 
shown  in  Table    9., page  31. 

5.  River  Caissons.  There  were  seven  river  caissons;  but 
the  cost  of  only  two  willbe  given  here.  Caisson  No. 8  is  typical 

of  the  river  caissons, and  i'-s  cost  is  given  in  Table  10.  Caisson  I 
No. 7  was  the  most  difficult  of  the  river  caissons  to  sink, and  the 
most  expensive  of  any  on  the  job. 'The  data  concerning  its  cost  is 
given  in  Table  11,  page  32 ,  " 

.  THE  COST  OP  E>CCAVATION. 

Reasons  for  Different  Cost.     The  cost  per  cubic  yard  of 
the  ordinary  caissons  sunk  to  hard-pan  varies  conciderablj     No.  32 
being  |55.38,  No. 29      <|4.30,  and  No. 40     $4. 34, giving  an  average  cost 
for  the  three  of  |4.67  per  cubic  yard.  In  this  case  the  average 
cost  really  means  very  little, because  the  slightest  hitch  or  de- 
lay in  the  excavation  caused  the  cost  to  rise  very  rapidly.  It  was 
probably  due  to  a  series  of  such  little  delays  that  made  the  cost 
of  excavating  caisson  No.  32  greater  than  the  others.  No.  29  and  40 
seen  to  more  fairly  represent  the  cost  of  an  ordinary  caisson  sunk 
to  hard-pan; and  therefore  it  would  be  reasonable  to  assume  that 
the  average  price  per  cubic  yard  v/ould  be  the  mean  of  the  two  or 
$4.32  per  cubic  ya^rd. 

The  cost  of  sinking  the  ordinary  caissons  to  bed  rock 
does  not  sliow  quite  as  large  a  var  ranee  as  was  shoxvn  in  the  case 
of  those  sunk  only  to  hard-pan;  for  example,  No.  19  cost  55,35  per 
cubic  yard, No.  16  $4.42,  and  No.  20      |4.52.  The  cost  of  excavation 
of  No.  19  wq.s  increased  greatly  by  the  continual  presence  of  large 


I 


Nj 

\J 
(Nl 
N 

Cm 

1 

CM 

J? 

CN 

— ^ 

^ 

vv 

or\ 
Hj 

\ 

N 

-1- 

\ 

\ 

K 

-4 

\> 

N 

« 

< 

ON 

^1 

> 

■s. 

l5 

^ 

— ^ 

\ 

^ 

> 

tf\ 
Hj 

> 

> 

Si 

N 

T 

V 
M 

fv 

1 

1 

-ST 

1 

1 

— ^ 

N 

•1 

1 

N 

1 

< 

1 

^       ^  < 


;  ^  I 


T/f3LE  /O 


"r^ /c 
//  Oct' 

To -ha/ 

/ 

Z 

3 

s 

7 

e 

/o 

// 

rl  ,  ^  ^  X-yf 

/G 

4 

26 

2S 

SO 

tP  U 

/        O,   O  O 

rV/'i  w  /  t/i7  ^ 

3 

2S 

4/ 

a 

4/ 

SO 

SO 

SO 

7S 

33/ 

■4-0 

e 

B 

3 

/2 

2 

4 

33 

7S 

2S 

2o2 

■Jo 

'^6  O.  (o6 

G 

8 

S 

d 

3 

3 

/2 

QC 

SO 

3300 

/2 

4 

4-0 

Go 

"^Z  4oo 

6.S 

'23 

/SI 

7a 

• 

V}ameMtoY Caisson  4'6  -  Co^'^G^y^^^<^  ^^/^^  Co^:/8.GoPereo/, 

/C//7c/o//  a7:'ar 

/-/our-s  Sc?c:77  7Dc/<^ 

ro7<p7 
f7our^ 

77ouf- 

To/c?/ 

/ 

2 

3 

S 

7 

a 

9 

/o 

// 

/2 

73 

/4 

/s 

7?/gg<2/-5 

24 

24 

/C 

24 

24 

24 

n 

24 

24 

24 

4$ 

3/0 

■s-o 

7SSOo 

P]///7d/QS5 

24 

24 

/c 

24 

24 

24 

24 

4^ 

43 

72 

f3 

''/74.4-0 

12 

IZ 

6 

/2 

/2 

/Z 

/2 

24 

7^ 

24 

7^ 

-Z/G 

G 

/2 

/2 

/2 

/2 

n. 

//o 

SO 

SSoo 

12 

12 

3 

Iz 

11 

'2 

Ga 

Go 

r//el7r//et-s.. 

10 

S 

s 

-20 

/  OO.oa 

To-fa/ 

//GO 

Va//'7  Ptog. 

^ 

?ai 

la 

33 

unwieldly  boulders  encountered  between  -80  and  r-90  ft.  Since  the  li 
specifications  forbade  blasting, the  boulders  had  to  be  drilled  and 
broken  up  before  they  could  be  elevated  to  the  surface .  The  v/ind- 
lass  men  had  therefore  very  little  to  do  while  the  diggers  were 
breaking  the  rock;  but  vfere  kept  in  constant  attendance  at  the  i 
windlass.  The  natural  conclusion  is  that  the  deeper  the  excavation 
goes, the  more  costly  it  becomes.  This  is  not  always  true , however , 
as  veins  and  pockets  of  sand  are  frequently  mot  in  the  lovrer 
depths,  and  are  excavated  so  easily  that  the  average  cost  per  cub- 
ic yard  of  excavation  for  the  caisson  is  thereby  greatly  diminish- 
ed , 

In  the  preceding  tables  the  cost  of  sinking  caissons 
No.  35  and  31^the  short-lagging  method  is  given.  As  before  men- 
tioned^in  No.  35  the  raotallic  shield  was  used. and  it  was  probably 

ij 

due  to  this  fact  that  the  cost  of  excavation* per  cubic  yard  ran  ^ 
consBlderably  higher  than  that  of  No.  31.  It  took  a  great  deal  of 
time  to  keep  the  shield  jacked  ahead  of  the  excavation, and  during 
the  process  of  jacking  the  windlass  men  and  laborers  were  necess- 
arily idle.  The  increased    unit  cost  of  excavating  by  the  short- 
lagging  method  can  be  traced  to  the  amount  of  extra  time  spent  in  j 
setting  the  lagging, and  also  to  the  necessary  idleness  of  the "men  i 
v/orking  on  top.  The  two  costs  quoted, ij6 .09  per  cubic  yard  with  the 
shield  and  sliort-lagging  process  and  |5.35  for  the  short-lagging 
process  alone, are  fairly  typical  of  the  respective  methods. 

The  cost  of  sinking  No*  22, the  only  caisson  sunk  by  the 
pneumatic  process^  v  ,is  given  in  Table  9  page31.  As  this 

is  the  only  caisson  sunk  by  this  method, it  is  impossible  to  make 
any  comparison.   It  does  seem,howover , that  the  cost  is  slightly 
exceasive.  The  only  way  to  account  for  this  is  by  the  fact  thai  it 
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was  the  pioneer  of  its  kind.,a,t  least  on  this  job;  and.  the  excavat- 
ion crew  did  not  get  to  working  as  smoothly  as  they  probably  have 
on  latter'  caissons.  ! 

The  cost  of  excavating  the  river  caissons , No .8  and  No.  7, 
is  given  in  Tables  10  and  11.  As  before  stated  No*  8  was  typical, 
of  the  river  caissons, and  No.  7  quite  out  of  the  ordinary.  While 
No.  8  v/as  Slink  a  great  deal  cheaper  than  No*  7,  its  cost  and  the 
cost  of  all  the  other  river  caissons , could  have  been  diminished 
greatly  if  a  little  forethought  had  been  given  to  the  matter  by 
the  contractor.  Driving  sheeting  by  hand  proved  to  be  a  very  ex- 
pensive operation, and  if  the  contractor  had  done  away  with  it  en- 
tirely he  would  have  saved  a  great  deal  of  time  and  money.  In  the 
opinion  of  the  writer, the  river  front  should  have  been  dredged  out 
and  a  good  water— tight  dam  built  before  the  river  caissons  were 
attacked . 

Type  of  Labor.  In  the  previous  dis  cussion  of  cost  noth- 
ing has  been  said  about  the  type  of  men  that  carry  on  this  work  in 
Chicago.  The  digging  is  nearly  always  done  by  negroes  or  Irish- 
men; and  the  windlass  men  are  generally  of  the  same  type, though 
occasionally  other  nationalities  are  represented.  The  helpers  are 
of  all  nationalities, 7/ith  the  negroes, Irishmen, and  Italians  in  the 
majority. 

On  most  of  the  caisson  foundations  constructed  in  Chic- 
ago, the  caissons  have  been  of  a  sufficient  size  to  warrant  two 
men  digging  in  the  caisson  at  the  same  time;  and  because  of  this 
fact  the  diggers  pair  off  and  alv/ays  work  together.   It  is  very 
unwise    and  at  the  same  time  nearly  impossible  to  soisarate  a  tea-m 
of  diggers.  Frequently  complete  crews  v/ork  together  composed  of 
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two  diggers , three  windlass  men, and  a  helper.  The  negroes  espec- 
ially show  a  tendency  to  work  in  this  way.  It  is  a  difficult  mat- 
tor  to  decide  whether  the  negro  or  the  Irish  digger  accomplishes 
the  more  work.  From  the  writer's  observation  and  experience  it  ap- 
pears that  the  Irishmen  individually  excel  the  negroes;  but  on  the 
other  hand  t'To  negro  diggers  working  together  will  accomplish  more 
than  the  same  number  of  Irislimen.  A  complete  caisson  crew  of  nog- 
roes  do  hotter  work  than  any  combination  that  the  writer  has  ever 
heard  of  or  witnessed. 

The  men  doing  this  class  of  v;ork  are  all  members  of  the 
"Hod  Carriers  and  Building  Laborers  Union";  and  as  a  rule  are  sober 
and  industrious. 

COST  OF  CONCRETE. 
Mixing.     There  is  very  little  range  of  cost  of  mixing 
and  depositing  concrete  in  the  caissons  and  hence  data  for  only 
two     caissons  will  be  given.  Table  12  page     , shows  the  amount  of 
labor  required  and  the  cost  per  cubic  yard  for  accomplishing  the 
above  operations  in  caissons  10  and  35. 
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The  sand  and  cement  were  throughly  mixed  dry, and  then, the  stone 
and  water  were  added  simultaneously , and  all  were  turned  two  times. 
The  costs  given  above  for  mixing  and  depositing  the  concrete  in 
the  caissons  seems  rather  low.  This  can  be  accounted  for  in  part 
by  the  fact  that  very  little  wheeling  of  materials  had  to  be  done. 

Materials.     Using  the  data  ifi  Kidder's  Pocket-Book  for 
Architects  for  the  ingredients  in  a  cubic  yard  of  concrete, it  is 
estimated  that  to  make  one  yard  of  concrete  in  the  proportions  of 
one  cem.ent :  three  sand:  four  stone:   it  would  take  1.37  bbls.  of 
cem.ent,  0.58  cubic  yards  of  sand,  and  0.80  cubic  yards  of  stone. 
The  prices  paid  for  the  above  materials  on  this  job  were;  Cement 
iii;1.40  per  bbl.;Sand  $1.60  per  cubic  yardjand  Stone  $1.25  per  cubic 
yard.  The  cost  therefore  for  the  materials  used  in  a  cubic  yard  of 
concrete  was  $3.84  as  shown  in  Table  13. 
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Combining  the  coat  of  materials  for  one  cubic  yard  of 
concrete, with  the  average  cost  of  mixing  and  depositing  the  same 
in  the  caisson  we  have  the  complete  cost  of  a  cubic  yard  in  place 
or  $4.45. 


COST  OF  LAGGING  AND  RINGS. 

Lagging  was  paid  for  on ^ the  basis  of  $19.00  per  thousand 
feet  B.M.  TRe  cost  of  the  lagging    for  a  4  foot  6  inch  caisson 
sunk  to  a  depth  of  76  ft.  would  therefore  be  2 . 88*^  x  1 19 .00  or|54.53 

Rings  were  paid  for  at  the  rate  of  $2,45  per  100  lbs.  A 
4  foot  6  inch  ring  weighs  110  lbs .  Since  two  rings  were  used  to 
each  6  foot  section  of  lagging, the  cost  of  rings  for  a  caisson  of 
the  above  size  would  be  $35.05  . 

The  contract  price     lump  sura  for  this  job  was  $73000.  andi 
in  addition  to  this  $6000.  was  allowed  for  extra  work. 

The  writer  wishes  to  express  his  sincere  thanks  to  Mr 
J.  E.  Roemheld  of  the  firm  of  Roemheld  and  Gallery  for  much  of  the 
information  and  data  that  is  herein  given. 
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